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Lucilia silvarium (Diptera: Calliphoridae) is one of the medically important blowflies. The ovaries of this fly were examined at different stages using a light microscope and transmission electron microscopy. The gonadal cycle is elucidating eight stages of development. The ovaries are made up of ovarioles, each ovariole composed of a successive number of developing follicles. These follicles are arranged in the order that the younger follicles lie closer to the germinal cells, while the mature follicles lie posteriorly. The younger follicle consists of the germ cells enveloped by a single layer of epithelium. The germ cells differentiate into nurse cells and the oocyte. The follicular epithelium diversified itself during oogenesis and accommodate themselves to fit the increasing volume and growing of the oocyte. In the previtellogenic oocyte, the ovariole sections are spherical and show cubical follicular epithelial cell layer surrounding the oocyte and the nurse cells. The vitellogenic oocyte, has follicular epithelium elongated to become columnar surrounding the developing oocyte and squamous enclosing the nurse cells. In post vitellogenic oocyte, the follicular epithelial cells become very thin and hardly observed and the eggshell formation is completed.
Khater, K.S 2 development, these cells differentiate morphologically to a number of distinct subtypes each play role in formation of eggshell . The structure of ovary and morphological changes in follicular epithelium may be useful in taxonomic identifications and in phylogenetic relations between dipteran insects (Jaglarz et al., 2008) .
The present study aims to investigate the structure of ovarian follicular epithelium at different developmental stages in this species using Light Microscopy (LM) and Transmission Electron Microscopy (TEM) which may be useful in insect control.
MATERIALS AND METHODS

Insects:
Insects of L. silvarium were collected as larvae from beef meat in Sharkia Governorate, Egypt in autumn of 2014 and reared in the laboratory of Zoology Department in Zagazig University. The insects reared according to the methods of ElKhateeb et al. (2003) .
Histological Technique:
Ovaries isolated from the dissected female flies were put in aqueous Bouin's fixative. After fixation ovaries washed several times with 70% ethyl alcohol to remove the yellow colour of Bouin's solution then dehydrated in ascending series of ethanol. The specimens were then cleared in xylene, embedded in paraffin blocks and cut sections (4 µm thick) using microtome and stained with haematoxylin and eosin.
Transmission Electron Microscopy Technique:
In TEM investigation, the ovaries were dissected from 1, 6 and 10-day old females. Fixation in 2.5% glutaraldehyde in phosphate buffer for24h takes place and then put in osmium tetroxide (1%) for 2-3 h. Whole ovaries were dehydrated with ascending series of alcohol and dried in acetone. The specimens were embedded in resin and incubating at 70ᵒC for 24h. the semi-thin sections stained with methylene blue for light microscopy examination. The ultrathin sections were cut and stained by uranyl acetate and lead citrate and photographed in a JEOL 1200 EXIL Transmission Electron Microscope at the Electron Microscope Unit, Faculty of Pharmacy, Al Azhar University.
RESULTS
The female reproductive system of the adult of L. silvarium has the same morphological pattern of other members of family Calliphoridae. In our knowledge, this is the first time to describe the female reproductive system of this medically important fly. The female reproductive system consists of pair ovaries, each ovary consists of polytrophic ovarioles (Fig.  1a& b) . Each ovary leads to lateral oviduct the two oviducts join to form a common oviduct. Two accessory glands enter the vagina and the spermathecal glands are represented by three sclerotized spermathecae. Pair of these glands are connected and the third is separate (Fig.1a& b) . The ovaries reach the maximum size of development by ten days of age (Fig.1b) . Each ovary supplied with many tracheoles which have silver color in the fresh dissected female reproductive ovary (Fig.1a) . Each ovariole has a number of ovarian follicles, these follicles arranged in the order that the younger follicles lie closer to the germinal cells, while the mature follicles lie at the posterior region. The younger follicle consists of the germ cell enveloped by a single layer of epithelium (Figs. 1 e, f, 2a& b). The germ cells differentiate into the nurse cells and the oocyte. Both the nurse cells and the developing oocyte are containing a somewhat rounded nucleus (Figs. 2b, f& 3a) . The follicular epithelium diversified itself during oogenesis and accommodate themselves to fit the increasing volume and growing of the developing oocyte. The developmental stages of ovarian maturation were investigated in the present study. Stages of ovarian development can be summarized in the following stages.
Stage I (0 -2 days), is the initial stage in oogenesis. Each ovariole of the newly emerged female has piriform germ cells. The follicles are not differentiated from the germinal cells (Fig. 1c) .
Stage II (day 3) differentiates into early second stage in which the formation of nurse cell compartment is observed (Fig.1d ) and a late second stage that shows spherical follicle separated from germarium by constriction. The nurse cells present occupies most of the follicle and enclosed by thick cubical epithelium. The follicular epithelium differentiates to polar cells at opposite poles of the developing oocyte (Fig.1e&f) .
The ovarian follicle in stage III (4 days) enlarges and formation of the first egg chamber has appeared posteriorly. The ovarian follicles occupied mostly by the nurse chamber (Fig. 2b& c) . The oocyte and the nurse cells are similar in size. The oocyte appears in the basal portion of the follicle and faintly stained in comparison with the nurse cells. The nurse cell nucleus is larger than the oocyte nucleus (Fig. 2b) . The follicular epithelium form centripetal cells in between nurse cell chamber and the egg chamber (Fig. 2c) .
The first egg chamber in stage IV (5, 6 days) is completely separated from the second egg chamber by an interfollicular stalk. The nurse cells are present at the anterior pole of the first egg chamber. The chromatin varies in appearance in different nurse cells; some appear more condensed than others. The follicle increases and yolk deposition around the oocyte nucleus become obvious. The follicular cells surrounding the oocyte become columnar and those surrounding the nurse cells become squamous (Fig.  2d& e) .
Stage V (7, 8 days) is characterised by increasing yolk deposition around the oocyte nucleus. The yolk appears in two forms, large and small granules. The follicle became larger and elongated. The oocyte has attained one third to half of the entire follicle (Fig. 2d ).
The oocyte continues to grow in stage VI (9days) and fill the two third of the follicle. The nurse cells fill the rest third anterior to the oocyte (Fig. 3a) .
The diagnostic feature of stage VII (10 days) is the increase in length, decrease in width of the follicle and it became narrower. The nurse cells greatly reduced to fill only the anterior pole of the ovarian follicle. The follicular cells enclosing the oocyte are still present and have very thin form, which had participated in chorion formation (Fig. 3b ).
The final stage in oogenesis is stage VIII (11-12 days) where the follicle reaches its final size and shape and the oocyte fills the entire follicle, moreover the nurse cells have been completely disappeared. The oocyte nucleus was not detected, and the development of the nucleus after this stage was not traced (Fig. 3c) . Each ovariole has ova to be deposit after formation of eggshell.
The egg completes its development after three phases, pre-vitellogenesis, vitellogenesis and post-vitellogenesis processes.
The pre-vitellogenesis include stage II and stage III. The vitellogenesis extends from stage IV to stage VII and post-vitellogenesis achieved at the end of stage VIII. These three phases could be observed and identified in the ovarioles of L. silvarium females. In the previtellogenic phase (stages II& III), the ovariole sections are spherical and have cubical follicular epithelial cell Khater, K.S 4 layer surrounding the oocyte and the nurse cells. The follicular epithelial cells contain large nuclei with prominent chromatin. The cytoplasm revealed different sizes of mitochondria, onion shape or lamellar shape rough endoplasmic reticulum (lamellar body) and lipid droplets (Fig.  3f) . Presence of Golgi apparatus near the nucleus reveals the secretory function of follicular epithelium (Fig.  3d ). This apparatus may be responsible for the formation of the special vesicles which have been observed in TEM photograph. Presence of gap junction between the two follicular cells was clearly observed (Fig. 3e) .
The vitellogenic phase includes the stages IV, V, VI& VII. The ovariole in the fourth stage has follicular epithelium elongated to become columnar type surrounding the developing oocyte (Fig. 4a) and squamous enclosing the nurse cells (Fig. 5a& b) . The columnar cell has large nuclei contain periphery located condensed chromatin. The numerous lipid droplets are present and special vesicles have rosette shape also noticed (Fig. 4a& b) . The oocyte contains many rounded shaped mitochondria are located in the ooplasm, numerous lipid droplet and electron dense yolk granules have different sizes (Figs. 4 c  &5c) . A clear tight junction observed between two follicular cells ( Fig. 4b ) and between stretched follicular epithelium enclosing the nurse cells and the oocyte (Fig. 5a) .
In post vitellogenic phase include the stage VIII, at the end of this stage the follicular epithelial cells become very thin and hardly observed and the eggshell formation is completed (Fig.   3c ). The eggshell composed of the outermost extinct follicular cell layer, chorion, a wax layer, vitelline envelops and the trabecular layer arranged, respectively. The chorion usually subdivided into three sublayers of exochorion, endochorion, and innermost endochorion. Meanwhile, the vitelline membrane does not show any subdivisions or modification (Fig. 5e) .
During previtellogenesis the developing oocytes are surrounded by cubical follicular epithelium. The follicular cell diversified into polar cells at the opposite side of the developing oocyte (Fig.1e& f) .The anterior polar cells diversified to terminal cells (Fig. 2a) . The posterior polar cells form the main body follicular cells (Fig. 2d& f) . During vitellogenesis, the terminal cell diversified to stretched cells and centripetal cells (Fig. 2c) . Stretched cells become squamous and enclose the nurse cells (Figs. 2d, e, 5a& b) . The centripetal cells migrate to the anterior of oocyte and separate between the nurse cells and the oocyte (Fig. 2c) .The main-body follicular cells elongated and become columnar and covered the lateral sides of the developing oocyte (Figs. 3d, 4a& b) . As the oogenesis progress and after complete deposition of yolk, the nurse cells transfer their cytoplasm to the oocyte and the nurse cells undergo apoptosis. The nucleus becomes irregular in shape and show strong blebbing or zeiosis in nuclear envelop and the cytoplasmic organelles disappeared (Fig. 5d) . During the final stage of oogenesis, the follicular cells produce the complex eggshell around the oocyte (Fig. 5e) . 
DISCUSSION
The ovary of L. silvarium has polytrophic ovarioles which differentiate to form mature oocyte. In polytrophic ovarioles, each ovariole composed of the number of developing follicles. Each follicle has a group of nurse cells which are located in a nurse chamber and connected to the oocytes (Büning, 1979; 2006) . The principal role of nurse cells is production and transport of promaterials to the oocyte (Büning, 1994; Matova and Cooley, 2001 ).
The observations in this research is in accordance with many authors on the ultrastructure and development of insect ovaries on dipteran insects, Jaglarz et al. (2008; 2010) ; Wu et al. (2008) ; Ahmed and Amin (2018) and other scientists studied the oogenesis of Calliphoridae (Avancini and Prado, 1986; Chaiwong et al., 2012) . The histological changes noticed during oogenesis of L. silvarium illustrate that L. silvarium female has completed eggs development in eight stage, these results are similar to the results of Clift (1971) in L. cuprina and Chaiwong et al. (2012) in C. megacephala who recorded eight stages of ovarian development. In C. bezziana female ovaries exhibit ten stages of development (Bedo, 1992) and in Musca domestica six stages were observed (Ahmed and Amin, 2018) . In L. silvarium, stage l illustrate adult life from zero-day to the second day, while in C. hominivorax and C. bezziana , these stages occurs only in the pupal stage. The stage V in L. silvarium showed that the developing oocyte occupies one third of the entire follicle, this characteristic to the same stage in C. hominivorax (Adams and Reinecke, 1979) , while it is characteristic to stage VI in C. magacephala (Chaiwong et al., 2012) and C. bezziana (Spradbery and Sands, 1976) . The stage VIII in L. silvarium associated with the presence of mature egg as in C. magacephala (Chaiwong et al., 2012) , and stage IX in C. hominivorax (Adams and Reinecke, 1979) .
The egg completes its development after three phases, pre-vitellogenesis, vitellogenesis and post-vitellogenesis. The pre-vitellogenesis extend from stage II to stage III. The vitellogenesis extends from stage IV to stage VII and post-vitellogenesis achieved at the end of stage VIII. This observation differs from the finding of Kasper et al. (2015) Epithelial cells that surrounding the ovarian follicle play a major role in oogenesis process, in the following of yolk promaterials from the haemolymph into the developing oocyte and in the production of vitelline membrane and chorion (Telfer, 1975 and Büning, 1994) . This is clear in the current investigation through the presence of high tendency of cytoplasmic processes at the intercellular cleft between the follicular epithelium and junctions between the follicular epithelium and between the follicular epithelium and yolk. The presence of the gap junction between two follicular cells in previtellogenesis allows various molecules and ions to pass directly through a regulated gate between cells. The clear tight junctions observed between two follicular cells and between stretched follicular epithelium enclosing the nurse cells and the oocyte in the fourth stage of oogenesis. These junctions seal the plasma membrane of the adjacent cells and prevent leakage of ions transported between epithelial cells. These findings are in accordance with the results of Oliveria et al. (1986) who declared that the interfollicular channels are one of the most important vitellogenic events in the follicular cells during vitellogenesis. The epithelial cells enveloping follicles change from cubical shape to columnar shape to very thin squamous. These observations were consistent with those of Adham et al. (2009) for Culex pipiens quinquefasciaatus. Samarawickrema (1962) indicated that, in Mansonia spp the epithelial cells enclosing the young follicle have cuboidal shape whenever the follicle grew the epithelial cells diminish in thickness. At the last stages of oogenesis, the follicular cells were very thin and hard to be noticed.
During previtellogensis the cubical follicular epithelium and nurse cells divided mitotically. The follicular cell diversified into polar cells at the opposite side of the developing oocyte (Besse and Pret, 2003) . During vitellogenesis stages, the anterior polar cells diversified to terminal cells and the posterior polar cells to the main body follicular cells. The terminal cell diversified to two types, stretched cells and centripetal cells (Jaglarz et al., 2008; 2010) . The stretched cells become squamous and enclose the nurse cells. The centripetal cells migrate to the anterior margin of oocyte and separate between the nurse cells and the oocyte. The main-body follicular cells become columnar and cover the lateral sides of the developing oocyte (Jaglarz et al., 2010) . As the oogenesis progress and after complete deposition of yolk, the nurse cells transfer their cytoplasm to the oocyte and the nurse cells become diminish and restricted to the apical pole of the oocyte. During the last stages of egg development, the follicular cells reach their final fate and form complex eggshell (Wu et al., 2008; Margaritis et al., 1980) . The nurse cells cytoplasm is transferred to the developing oocyte in a process called terminal injection which associated with nurse cells apoptosis (Matova et al., 1999) . The eggshell composed of the outermost follicular cell layer, chorion, a wax layer, vitelline envelop and the trabecular layer arranged respectively. The chorion usually subdivided into three sublayers of exochorion, endochorion and innermost endochorion, this resemble the finding of (Chaiwong et al., 2012) and differ from division into to two sublayers of exochorion, endochorion (Margaritis et al., 1980 
